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14.  ABSTRACT 

Purpose  and  Scope:  The  purpose  of  this  work  is  to  better  understand  the  mechanisms  of  resistance 

to  androgen  biosynthesis  inhibitors  in  men  with  castration  resistant  prostate  cancer,  and  to 

investigate  clinical  methods  of  overcoming  resistance. 

Key  Accomplishments  and  Findings  to  date: 

•  CTCs  collected  in  41  men  with  abiraterone-naive  mCRPC  at  baseline,  and  in  12  of  these  men 
at  the  time  of  clinical  resistance  to  abiraterone.  Cells  have  been  enumerated  for  CTCs, 

CTC  clusters,  CTCs  expressing  stem-like  and  mesenchymal  markers.  We  have  optimized  methods 
for  extracting  DNA  and  performing  array  comparative  genomic  hybridization  (aCGH). 

Currently  we  are  in  the  process  of  analyzing  the  aCGH  results  in  collaboration  with  the 
UCSF  Biostatics  Core. 

•  We  have  observed  that  there  is  a  wide  spectrum  of  CTC  diversity  (epithelial-like, 
mesenchymal,  stem-like)  in  men  starting  abiraterone.  Correlations  of  this  diversity  with 
clinical  outcome  are  underway. 

•  Phase  II  protocol  for  Dose-Increased  Abiraterone  Acetate  in  Men  with  mCRPC  (PI: 
Friedlander)  fully  accrued  at  UCSF  (n=21)  and  Oregon  Health  Sciences  University  (n=20). 

•  Phase  I  protocol  of  Abiraterone  Acetate  plus  ARN-509  in  men  with  mCRPC  (PI:  Friedlander) 
set  to  open  at  UCSF  in  mid-late  2014. 

•  Integration  of  both  clinical  trials  with  Stand  Up  2  Cancer  "West  Coast  Dream  Team" 
castration-resistant  prostate  cancer  biopsy  protocol.  Analysis  of  CTC-biopsy  correlations 
underway . 
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INTRODUCTION 


Although  androgen  biosynthesis  inhibitors  (ABIs)  ineluding  ketoeonazole  and 
abiraterone  improve  elinieal  outeomes  and  prolong  survival  in  men  with  eastration 
resistant  prostate  eaneer  (CRPC),  none  are  eurative,  and  all  patients  eventually  develop 
resistanee  followed  by  disease  progression  and  death.  Resistanee  is  hypothesized  to  result 
from  either  inereased  systemie  or  tumor  androgen  produetion,  mutations  in  the  androgen 
reeeptor  (AR)  signaling  pathway  leading  to  ligand-independent  AR  aetivity,  or  through  AR- 
independent  pathways.  The  work  being  earned  out  under  this  grant  aims  to  better 
understand  how  this  therapeutie  resistanee  develops  through  genomie  analysis  (gene  eopy 
number  and  gene  methylation  status)  of  tumor  biopsies  and  eireulating  tumor  eells  (CTCs) 
taken  from  men  with  CRPC.  Further,  the  work  here  explores  whether  elinieally  targeting 
proposed  mechanisms  of  resistance  can  improve  outcomes  in  these  patients. 


BODY 

Statement  of  Work  Aim  A:  Determine  whether  resistance  to  androgen  biosynthesis 
inhibitors  (ABIs)  is  mediated  by  genomic  upregulation  of  androgen  synthesis  or  by 
autonomous  AR  function. 

Work  continues  for  this  Aim  as  follows:  A  laboratory  specific  UCSF  protocol 
(CC#12551 1)  for  the  analysis  of  metastatic  biopsies  and  circulating  tumor  cells  (CTCs) 
was  developed  and  approved  by  both  UCSF  and  the  DoD  IRB  and  is  undergoing  renewal 
at  present.  Currently  CTCs  are  currently  being  collected  as  part  of  a  clinical  trial  of 
increased-dose  abiraterone  (CC12551)  detailed  below  in  Aim  B  of  this  summary. 

At  the  same  time  that  we  are  collecting  CTCs  and  biopsies  our  group  is  spearheading  the 
Stand  Up  2  Cancer  “West  Coast  Dream  Team”  study  of  metastatic  CRPC  biopsies  to 
better  understand  treatment  resistance,  and  the  study  of  the  metastatic  tissues  for  this  Aim 
has  been  integrated,  as  discussed  in  the  2013  Progress  Report. 

For  CC 12551 1  we  have  now  collected  blood  from  a  total  of  21  men  starting  abiraterone 
for  CRPC.  CTCs  are  detectable  in  >95%  of  these  samples  using  the  Vhatex  VitaCaP 
assay,  in  which  CTCs  and  white  blood  cells  invade  into  a  fiuorescently  labeled  collagen 
adhesive  matrix  (CAM).  Using  immunocytochemistry  we  see  that  the  CTCs  express 
epithelial  markers  including  PSMA,  CK,  and  EpCAM;  heterogeneity  in  this  expression 
(i.e.  differing  combinations)  has  been  observed.  At  the  same  time  CTCs  expressing  a 
mesenchymal  phenotype  are  detectable  as  well  as  those  bearing  markers  of  sternness 
including  CD44.  We  have  fully  optimized  flow  cytometry,  gating  both  for  enumeration 
and  for  purification  of  different  CTC  subpopulations.  We  are  able  to  increase  the  CTC 
purity  from  1-10%  up  to  >90%  using  these  techniques,  and  can  objectively  see  and  count 
cells  expressing  epithelial  markers,  mesenchymal  markers,  and  markers  of  sternness.  We 
have  optimized  techniques  for  DNA  amplification  using  a  10-cell  Picoplex  amplification 
protocol  to  yield  sufficient  CTC  DNA  for  aCGH  analysis.  At  the  same  time  mCRPC 
biopsies  have  been  collected  under  the  aforementioned  StandUp  To  Cancer  West  Coast 
Dream  Team  protocol  and  comprehensive  integrated  analysis  is  being  performed  on  these 
samples,  including  aCGH  of  the  biopsy  tissue  and  matching  CTCs.  aCGH  has  been 
performed  in  >10  CTC  samples  for  abiraterone  naive  patients  and  more  samples. 
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including  those  from  patients  with  aequired  abiraterone  resistanee,  are  pending.  More 
eomprehensive  data  analysis  of  aCGH  results  from  CTCs  and  biopsies  are  planned  once 
suffieient  number  of  abiraterone  resistant  samples  are  obtained  (antieipated  by  late  2014). 


Statement  of  Work  Aim  B:  Determine  whether  resistanee  to  ABIs  s  ean  be  overeome  by 
inereased  inhibition  of  androgen  synthesis. 

As  discussed  above,  a  elinieal  protoeol  for  inereased-dose  abiraterone  has  been  written, 
approved  by  both  the  peer-review/seientifie  eommittees  at  UCSF  and  at  Oregon  Health 
Seienee  University  (OHSU)  and  their  respeetive  IRBs,  and  the  elinieal  trial  opened  and 
began  aeeruing  patients  at  eaeh  site  in  March  2013.  The  protoeol  eompleted  aeerual  of  41 
planned  patients  in  mid  2014.  This  elinieal  trial  of  dose-inereased  abiraterone  is 
registered  with  eliniealtrials.gov  with  the  number  NCT01637402.  Weekly  review  of 
eomplianee  with  study  proeedures,  safety,  and  effieaey  of  the  elevated  dose  eontinues.  A 
total  of  13  patients  have  had  a  response  to  abiraterone  lOOmg  daily  followed  by  PSA  or 
objeetive  progression,  and  have  dose-inereased  to  abiraterone  lOOOmg  BID.  To  date  the 
elevated  dose  appears  safe  and  there  have  not  been  any  serious  safety  eoneerns  at  this 
dose.  While  a  number  of  patients  have  had  a  deeline  in  PSA  at  the  lOOOmg  BID  dose,  to 
date  there  have  not  been  any  PSA  responses  (defined  as  a  >30%  deeline  in  PSA),  and  an 
analysis  for  early  stopping  for  effieaey  will  be  performed  should  the  14**’  patient  at  the 
elevated  dose  not  have  a  PSA  response.  Please  note  that  this  effieaey  and  safety  data  is 
unpublished  and  proprietary  information.  Regardless  of  the  effieaey  outcome  for  the 
lOOOmg  BID  dose,  all  patients  on  the  lOOOmg  daily  dose  will  eontinue  to  receive 
treatment  and  will  be  followed  to  eollect  hormone,  pK,  and  CTC/biopsy  data,  whieh  will 
allow  for  an  analysis  of  the  meehanisms  of  resistanee  to  abiraterone. 


Statement  of  Work  Aim  C:  Determine  whether  resistance  to  ABIs  can  be  overcome  by 
AR- targeted  therapy. 

Aeerual  to  the  Phase  I  study  of  the  combination  of  abiraterone  acetate  plus  ARN-509  (a 
novel  AR  antagonist)  deseribed  in  the  previous  Update  was  plaeed  on  hold  for  a  large 
portion  of  late  2013  and  early  2014  due  to  a  number  of  issues  ineluding  manufaeturing 
problems  in  the  produetion  of  ARN-509,  as  well  as  the  aequisition  of  Aragon  by  Janssen 
Pharmaeeutieals.  A  revised  Phase  I  study  is  therefore  set  to  open  here  at  UCSF  in  mid- 
late  2014.  UCSF  patients  enrolling  on  this  study  will  undergo  CTC  colleetion  and  will  be 
referred  for  biopsy  under  the  Stand  Up  to  Caneer  biopsy  protoeol  aetive  at  UCSF.  The 
Phase  II  protocol  for  the  evaluation  of  ARN-509  given  at  the  time  of  resistanee  to 
abiraterone  has  been  authored  and  reviewed  at  the  UCSF  Genitourinary  Oncology  Site 
Committee,  and  is  under  eonsideration  by  Janssen,  pending  the  outeome  of  the  Phase  I 
study. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  CTCs  eolleeted  in  21  men  with  abiraterone-naiVe  mCRPC.  Signifieant  heterogeneity 
has  been  seen  in  these  samples  with  the  detection  of  CTCs  bearing  epithelial. 
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mesenchymal,  and  stem  like  markers.  CTCs  are  detectable  >95%  of  men  using  the 
Vitatex  VitaCaP  assay.  Flow  cytometric  sorting  yields  a  highly  pure  cell  population, 
and  amplification  yields  DNA  appropriate  for  genomic  analysis. 

•  Phase  II  protocol  for  Dose-Increased  Abiraterone  Acetate  in  Men  with  mCRPC 
(CCI255I,  PI;  Friedlander)  written,  IRB  approved,  and  fully  accrued  at  UCSF  and 
Oregon  Health  Sciences  University  (as  part  of  the  DoD  Prostate  Cancer  Clinical 
Trials  Consortium). 

•  Revised  phase  I  protocol  of  Abiraterone  Acetate  plus  ARN-509  in  men  with  CRPC 
(PI:  Friedlander)  set  to  open  at  UCSF  in  mid-late  2014 

•  Phase  II  protocol  of  Abiraterone  Acetate  plus  ARN-509  in  men  with  mCRPC  (PI: 
Friedlander)  completed,  approved  by  UCSF  site-review  committee,  and  under 
consideration  with  the  Sponsor. 

•  Laboratory  protocol  for  copy  number  analysis  of  CTCs  and  metastatic  biopsies 
(CCI255I  I,  PI;  Friedlander)  completed  and  undergoing  reapproval  evaluation  by  the 
IRBs  at  UCSF  and  the  DoD. 

•  Integration  of  both  clinical  trials  with  recently  awarded  Stand  Up  2  Cancer  “West 
Coast  Dream  Team”  CRPC  biopsy  protocol,  allowing  for  even  more  comprehensive 
molecular  and  genomic  analysis  of  mechanisms  of  abiraterone/ ABI  resistance. 

REPORTABLE  OUTCOMES 

Two  clinical  protocols  and  a  laboratory  protocol  for  the  work  have  been  developed  for 
this  grant.  Since  the  last  Update  CTC  data  from  CC 1255 1 1  has  been  presented  at  the 
2013  International  Symposium  on  Minimal  Residual  Cancer  (oral  abstract),  at  the  2014 
ASCO  annual  meeting  (poster  discussion).  A  manuscript  summarizing  our  lab  experience 
with  CTCs  collected  previously  from  23  men  with  prostate  cancer  and  analyzed  on  the 
Vitatex  platform  was  recently  published  in  the  International  Journal  of  Cancer'.  Based  on 
the  experience  and  work  from  this  grant  I  have  similarly  authored  and  published  a  review 
paper  discussing  the  potential  for  CTCs  in  prostate  cancer^  as  well  as  an  editorial  about 
CTCs  in  the  Journal  of  Clinical  Oncology.^ 


CONCLUSION 

Continued  progress  has  been  made  in  terms  of  achieving  goals  set  forth  in  the  statement 
of  work  for  this  project,  with  full  accrual  of  the  lab  protocol  and  the  dose-escalated  study 
proposed  in  the  grant.  Integration  and  analysis  of  results  for  CTCs  and  biopsies  is 
underway  in  collaboration  with  the  Stand  Up  to  Cancer  mCRPC  biopsy  study. 
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trials  in  GU  Oncology  Group.  I  have  become  intimately  familiar  with  the  challenges  faced  by  patients  with 
prostate  cancer  and  bladder  cancer,  and  recognize  the  need  for  less  costly  and  more  efficient  ways  to  obtain 
metastatic  tissue  (i.e.  CTCs)  for  biologic  characterization,  as  well  as  the  pressing  need  for  novel  therapeutics 
that  have  less  side  effects  and  greater  efficacy  than  our  current  regimens  My  long-term  goal  is  to  both  discover 
mechanisms  which  promote  resistance  to  therapy  in  GU  malignancies  and,  using  this  knowledge,  devise  novel 
hormonal,  immunologic,  and  chemotherapeutic  strategies  to  treat  these  patients. 


B.  Positions  and  Honors 


Positions  and  Empioyment 

2003-2006  Medical  Residency,  Internal  Medicine,  UCSF 

2006- 2007  Fulbright  Scholar  in  Medical  Ethics,  University  of  Utrecht,  Netherlands 

2007- 2010  Fellowship  in  Hematology  and  Oncology,  UCSF 

2009- 2010  Chief  Fellow,  Hematology  and  Oncology,  UCSF 

2010- 201 1  Clinical  Fellowship  in  Urologic  Oncology,  UCSF 

201 1- current  Assistant  Clinical  Professor,  Division  of  Hematology  and  Oncology,  UCSF 


Honors 

2000 

2003 

2003 

2003 

2006 

2010 


Herman  Goldman  Scholarship,  NYU  Medical  School 

Spiegel  Award  for  Academic  Excellence,  NYU  Medical  School 

Alpha  Omega  Alpha,  National  Medical  Honors  Society 

Medical  Degree  with  Honors,  NYU  Medical  School 

Fulbright  Scholarship  in  Medical  Ethics,  Netherlands-America  Foundation 

ASCO  Young  Investigator  Award,  American  Society  of  Clinical  Oncology 
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201 1  ASCO  Merit  Award,  American  Society  of  Ciinicai  Oncoiogy 

2012  Physician  Research  Training  Award,  United  States  Department  of  Defense 

2012  Young  investigator  Award,  Prostate  Cancer  Foundation 

2012  Young  investigator  Travei  Award,  Advances  in  Circuiating  Tumor  Ceiis  Symposium 

2013  Poster  award,  UCSF  Annuai  Prostate  Cancer  Retreat 


Other  Experience  and  Professional  Memberships 

2007-current  American  Society  of  Ciinicai  Oncoiogy,  Associate  Member 

2008  Cancer  Education  Consortium  Pharmacoiogy  of  Anticancer  Agents  Workshop  Participant, 
Landsdowne,  VA 

2009  Stanford  University  1 1th  Annuai  Muitidiscipiinary  Management  of  Cancers  at  Siiverado, 
Genitourinary  Tumor  Board  discussant 

2009  ASCO/AACR  Methods  in  Ciinicai  Cancer  Research  Workshop  Participant,  Vaii,  CO 

2009  Cancer  and  Lymphoma  Group  B  (CALGB)  Eariy  Career  investigators  Meeting,  invited 
attendee 

2010-current  San  Francisco  Generai  Hospitai  CARE  (Cancer  Awareness  Resources  and  Education), 
invited  speaker 

2010-current  American  Association  of  Cancer  Researchers,  Associate  Member 

2010  ASCO  Genitourinary  Symposium,  San  Francisco,  CA  (poster) 

2010  ASCO  Annuai  Meeting,  Chicago,  iL  (poster) 

201 1  ASCO  Genitourinary  Symposium,  Oriando,  FL  (orai  abstract) 

201 1  Doris  Duke  Workshop  for  Ciinicai  investigators  on  the  Genetics  of  Compiex  Disorders 
Participant,  Broad  institute,  Cambridge,  MA 

2012  ASCO  Annuai  Meeting,  Chicago,  iL  (poster  discussant) 

2012  Advances  in  Circuiating  Tumor  Ceiis  Symposium,  Athens,  Greece  (orai  abstract) 

2013  ASCO  Genitourinary  Symposium,  Oriando,  FL  (poster) 

2013  ASCO  Annuai  Meeting,  Chicago,  iL  (poster) 

2013  9*^  Annuai  internationai  Symposium  on  Minimai  Residuai  Cancer,  Paris,  France  (orai 
abstract) 

2014  ASCO  Genitourinary  Symposium,  San  Francisco,  CA  (poster) 

2014  ASCO  Annuai  Meeting,  Chicago,  iL  (poster) 


C.  Selected  Peer-reviewed  Publications 

1 .  Friedlander  TW,  Ryan  CJ.  (2009).  Novel  hormonal  approaches  in  prostate  cancer.  Curr  Oncol 
Rep:  11:227-234. 

2.  Friedlander  TW,  Ryan  CJ.  (2010)  Editorial  Comment  on  Adrenocorticotropic  hormone  (ACTH)  regulates 
androgen  synthesis  in  men  receiving  androgen  deprivation  therapy  for  localized  prostate  cancer.  J 
Urol;184(5):1976. 

3.  Friedlander  TW,  Weinberg  VK,  Small  EJ,  Sharib  J,  Harzstark  AL,  Lin  AM,  Fong  L,  Ryan  CJ.  (2012).  Effect 
of  the  Somatostatin  Analog  Octreotide  Acetate  on  Circulating  Insulin-Like  Growth  Factor-1  and  Related 
Peptides  in  Patients  with  Castration-Resistant  Prostate  Cancer  (CRPC):  Results  of  a  Phase  II  Study.  Urol 
Oncol;30(4):408-14. 

4.  Friedlander  TW,  Weinberg  VK,  Huang  Y,  Mi  JT,  Formaker  CG,  Small  EJ,  Harzstark  AL,  Lin  AM,  Fong  L, 
Ryan  CJ.  (2012).  A  Phase  II  Study  of  Insulin-like  Growth  Factor  Receptor  Inhibition  with 
Nordihydroguaiaretic  Acid  in  Men  with  Non-Metastatic  Hormone  Sensitive  Prostate  Cancer.  Oncol. 
Rep;27(1):3-9. 

5.  Friedlander  TW,  Roy  R,  Tomlins  SA,  Ngo  VT,  Kobayashi  Y,  Azameera  A,  Rubin  MA,  Pienta  KJ, 
Chinnaiyan  A,  Ittmann  MM,  Ryan,  CJ,  Paris  PL.  (2012).  Common  Structural  and  Epigenetic  and  Changes 
in  the  Genome  of  Castration  Resistant  Prostate  Cancer.  Cancer  Res;72(3):616-25. 

6.  Friedlander  TW,  Ryan  CJ.  (2012).  Targeting  the  Androgen  Receptor.  Urol  Clin  North  Am;39(4):453-64. 
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7.  Friedlander,  TW.  (2013).  Whole  Exome  Sequencing  to  Map  the  Genomic  Evolution  of  Metastatic  Prostate 
Cancer.  Hum  Mutat  34:1231-1241. 

8.  Friedlander  TW,  Premasekharan  G,  Paris  PL.  (2014).  Detection  and  Characterization  of  Invasive 
Circulating  Tumor  Cells  (iCTCs)  Derived  from  Men  with  Metastatic  Castration  Resistant  Prostate  Cancer 
(mCRPC).  Int  J  Cancer:134(10):2284-93. 

9.  Friedlander  TW,  Premasekharan  G,  Paris  PL.  (2014).  Looking  Back,  to  the  Future  of  Circulating  Tumor 
Cells”.  Pharmacol  Ther:142(3):271-280. 

10.  Friedlander  TW,  Fong  L.  (2014).  The  End  of  the  Beginning:  Circulating  Tumor  Cells  as  Prognostic 
Biomarkers  in  Castration  Resistant  Prostate  Cancer.  J  Clin  Oncol;32(1 1):1 104-6. 


D.  Research  Support 
Current  Research  Support 

DoD  PC1 10126  Friedlander  (PI)  01/01/12-12/31/16 

Investigating  Genomic  Mechanisms  of  Treatment  Resistance  in  Castration  Resistant  Prostate  Cancer.  Career 
Development  Award:  the  goal  of  this  study  is  to  identify  the  genetic  changes  associated  with  hormonal  therapy 
resistance  that  occur  in  men  with  advanced  prostate  cancer. 

Role:  PI 


PCFP0044252  Friedlander  (PI)  1/01/12-12/31/14 

Young  Investigator  Award:  Investigating  Genomic  Mechanisms  of  Treatment  Resistance  in  Castration 
Resistant  Prostate  Cancer.  Young  Investigator  Award:  the  goal  of  this  study  is  to  identify  the  genetic  changes 
associated  with  hormonal  therapy  resistance  that  occur  in  men  with  advanced  prostate  cancer. 

Role:  PI 

IMCL  CP20-0902  Friedlander  (Site  PI)  7/1/10  -  8/8/15 

Imclone  Systems  Inc. 

An  Open-Label,  Multicenter,  Randomized  Phase  2  Study  Evaluating  the  Safety  and  Efficacy  of  Docetaxel  in 
Comljination  with  Ramucirumab  (IMC-1 121B)  Drug  Product  or  IMC-18F1  or  Without  Investigational  Therapy  as 
Second-line  Therapy  in  Patients  With  Locally  Advanced  or  Metastatic  Transitional  Cell  Carcinoma  of  the 
Bladder,  Urethra,  Ureter,  or  Renal  Pelvis  Following  Disease  Progression  on  First-line  Platinum-based  Therapy 
The  goal  of  this  study  is  to  determine  the  anti-tumor  efficacy  of  Ramicirumab  or  IMC-1 8F1  plus  docetaxel  in 
patients  with  metastatic  platinum-resistant  bladder  cancer. 

Role:  Site  PI 

VEG1 13387  (PROTECT)  Friedlander  (Site  PI)  1/10/11-4/2/16 

GlaxoSmithKline 

A  Study  to  Evaluate  Pazopanib  as  an  Adjuvant  Treatment  for  Localized  Renal  Cell  Carcinoma  (RCC) 

The  goal  of  this  study  is  to  determine  the  safety  and  anti-tumor  efficacy  of  adjuvant  pazopanib  for  localized, 
resected  primary  kidney  cancer. 

Role:  Site  PI 

212082PCR2005  Friedlander  (Site  PI)  3/1/2013-12/31/15 

Aragon  Pharmaceuticals 

The  Role  of  Highly  Selective  Androgen  Receptor  (AR)  Targeted  Therapy  in  Men  With  Biochemically  Relapsed 
Hormone  Sensitive  Prostate  Cancer. 

The  goal  of  this  study  is  to  evaluate  the  antitumor  efficacy  of  ARN-509  as  monotherapy  or  in  combination  with 
testosterone  suppression  in  men  with  non-metastatic  castration-sensitive  prostate  cancer  after  definitive 
prostate  therapy. 

Role:  Site  PI 
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Previous  Research  Support 

A114463  Friedlander  (PI)  7/01/10-6/30/11 

ASCO  Young  Investigator  Award 

Determination  of  Genotypic  Markers  of  Docetaxel  Resistance  in  Castration  Resistant  Prostate  Cancer. 

The  goal  of  this  study  is  to  identify  the  genetic  changes  associated  with  chemotherapy  resistance  that  occur  in 
men  with  prostate  cancer  treated  with  docetaxel  chemotherapy. 

Role:  PI 
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